We demonstrate that by using a pair of photodetectors endowed with internal gain we are able to quantify the correlation coefficient between the two components of a pulsed bipartite state in the mesoscopic intensity regime (less than 100 mean photons). c 2010 Optical Society of America OCIS codes: 270.5290, 230.5160
endowed with the capability of reconstructing the correct statistics of detected photons provided their outputs are analyzed in the proper way [12] [13] [14] 16] . In this Letter we exploit the fact that, in principle, our analysis allows us to determine the number of photons detected at each laser shot and demonstrate that pairs of the above detectors can be used to measure shot-by-shot photon-number correlations between the components of a bipartite state. To test the detection procedure, we start by measuring the correlations in a classically-correlated bipartite state, namely a single-mode thermal field divided by a beam-splitter. The experimental setup is sketched in Fig. 1 . The single-mode thermal field is obtained by passing the second-harmonic pulses (∼5.4 ps, 523 nm) of a Nd:YLF mode-locked laser amplified at 500 Hz (High Q Laser Production) through a rotating ground-glass plate (P in Fig. 1 ) [17] and selecting a single coherence area in the far field by a pin-hole (PH, 150 µm diameter). The selected mode is then sent to a polarizing beam-splitter (PBS) whose outputs are collected by two multimode fibers and delivered to the detectors. To obtain a fine tuning of the beam-splitter transmittance we inserted a half-wave plate (HWP) between the PH and the PBS. Single-shot detector outputs were then amplified, integrated, digitized and recorded. We measured 30000 subsequent shots with the HPD detectors and 50000 with the SiPM detectors at a number of different intensity values set by a variable filter (F). Figure 2 shows two typical pulse height spectra obtained at similar intensities: clearly, the response of the SiPMs produces better resolved peaks as compared to the HPDs. As the HPDs are not affected by dark-counts, by applying the selfconsistent procedure described in [12] to the output of the detectors, we can evaluate the number of detected photons in each laser shot. The procedure gives the value of the overall gain (γ) of the detection apparatus that links the final outputs (voltages for HPDs and multichannel addresses for SiPM) to the number of detected photons. In the case of SiPMs, the procedure described in [16] yields a value of detected photons that includes the unavoidable effects of dark-counts and cross-talk, that must be taken into account to properly interpret the experimental results. The procedure itself yields the values of the dark-count rate m dc and of the cross-talk probability ǫ for the considered data-set. In Fig. 3 we plot the joint probability distributions obtained by re-scaling the outputs of the detectors by the proper value of γ but without rebinning the values. As expected, the results for SiPM display a better localization of the peaks, which should promise a better determination of the correlation. Referring to Fig. 1 , the field operators at the outputs of the beam splitter (ĉ andd) are linked to the input ones (â andb) by:
Ifb is in the vacuum, the moments of the bipartite state at the output are given by n c = τ n a , σ
, from which we obtain the expression for the normalized correlation coefficient:
For a single-mode thermal state at the input,ρ a = n p th (n)|n n n| with p th (n) = n n /(1 + n) 1+n and n a = n, we have
where n c = n c and n d = n d . If the primary detection event is performed with quantum efficiency η and no dark counts, the expression in Eq. (3) these results indicate that HPDs can give direct information on sub-shot noise level, whereas the information obtained with SiPM must be corrected to be interpreted. In conclusion we have demonstrated that detectors partially endowed with photon-number resolution can be used to measure photon-number correlations shot-by-shot and to reliably estimate the noise reduction factor. We have also demonstrated that, although endowed with a better photon-number resolution, SiPM are affected by spurious effects (dark-counts and cross-talk) that degrade the quality of results and require corrections that risk to prevent their use for state preparation by conditional measurements [15] . However, with both kinds of detectors our system is less cumbersome than that described in Ref. [10] and, in the case of HPD, provides similar overall detection efficiency. 
